Objective: The P300 signal is an electroencephalography (EEG) positive deflection observed 300 ms to 600 ms after an infrequent, but expected, stimulus is presented to a subject. The aim of this study was to investigate the capability of Emotiv EPOC+ headset to capture and record the P300 wave. Moreover, the effects of using different matrix sizes, flash duration, and colors were studied.
However, few of them are feasible for daily use due to size, price, or difficulty of use. Compared to 41 other commercial EEG recording devices available on the market, the Emotiv EPOC+ headset is the most 42 usable low-cost EEG device according to a comparative study that has been done by Stamps 
56
The P300 is observed in an EEG as a significant positive peak 300 ms to 600 ms after an infrequent, but 57 expected, stimulus is presented to a subject. In 1988, Farwell and Donchin introduced the P300 wave and Five healthy subjects, four males and one female, aged 25-32, mean 24, participated in the study. All 70 subjects' native language was Arabic, and they were familiar with the alphanumerical displayed during 71 the experiment. None of the subjects had previous BCI experience before or had a history of neurological 72 diseases such as ALS or spinal cord injury. All participants gave informed consent prior the experiment. 
OpenViBE Scenarios

83
The main purpose of the OpenViBE platform is to design different scenarios for BCI applications such 84 as P300 speller (Renard et al., 2010) . In this study, we used three different pre-defined scenarios with 85 some modifications. The first scenario "P300 speller acquisition" was used as a first step to collect some 86 training data. These data will later be used to train the linear discriminant analysis (LDA) classifier for the 87 online scenario. In this scenario, we adjusted the intensification configurations used for the P300 speller 88 such as number of rows, columns, repetitions, and trials. The number of trials and repetitions were fixed 89 at 12 and 10, respectively. However, the number of rows and columns were changed to create either a 3x3 90 or 6x6 matrix. In addition, the flash duration was changed to be 100 ms or 175 ms.
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The second scenario was used to train the LDA classifier. In this scenario, the EEG data were bandpass-92 filtered between 0.1 and 30 Hz. Next, the EEG signals were segmented into target and non-targets 93 segments. The target and non-target segments were averaged to increase the signal-to-noise ratio (SNR).
94
The averaged signals then were converted to feature vectors to train the LDA classifier. The LDA classifier 95 was trained with k-fold cross validation which gives an estimation of the classifier accuracy. The idea of 96 the k-fold test is to split the data into training and testing sets then the classification algorithm is trained 97 Figure 1 . Target (blue) and non-target (red) waveforms versus time at O1(first row) and O2 (second row) average over 240 trials for target letters and 1200 trials for non-target letters. Each plot is for 6x6 matrix and 100 ms flash duration. For each plot, x-axis represents time (ms) and y-axis represents amplitude (µV). The time length in each plot is 600 ms and the amplitude is 5µV. on the training sets and then we evaluate the algorithm on the testing sets (Bishop, 2006). The testing is 98 repeated k times ( we selected k=20 in this study), and then the accuracies are averaged over the different 99 partitions. The accuracy here gives a good prediction of how the classification algorithm will work on the 100 online performance.
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The last scenario implemented in this study was the online scenario. This scenario allows the subject to 102 spell some letters or numbers. Moreover, visual feedback was provided after each trail to the subject. If 
Data Acquisition
106
The EEG signals were acquired using Emotiv EPOC+ headset from all 14 channels according to the Figure 2 shows the topographic distribution of average potential at the specified latencies (300 ms, 328 122 ms, 430 ms, 500 ms, 560 ms, 600 ms). As it can be seen in Figure 2 , the most active channels (in red) are 123 located on the back of the brain, which are O1 and O2 channels. In other words, O1 and O2 channels The target waves (in blue) are remarkably distinguishable from the non-target wave (in red) for most 128 subjects. Clearly, participant 2 (2nd column) respond weakly to the visual stimulus, where the amplitude 129 signal generated from O1 channel is 1.76 µV and the latency is 390 ms. In addition, the amplitude signal 130 generated from O2 channel is 1 µV and the latency is 429.7 ms. In contrast, the response of participant 5 
Effects of Matrix Size
134
We studied the impact of using different matrix size (6x6 and 3x3) on the P300 amplitude and the online 135 accuracy. Previous studies have shown that when the probability of the occurrence of the desired character
136
(the target) decreases, the P300 amplitude increases, and vice versa (Sellers et al., 2006) . In a 6x6 matrix, 137 the probability of the occurrence of the target character is 5.56%, while is a 3x3 matrix the probability of 138 the occurrence of the target character is 22.22%. Table 1 . EEG amplitudes at O1 and O2 averaged over 240 target letter trials and 1200 non-target trials for 6x6 and averaged over 240 target letter trials and 480 non-target trials for 3x3 matrix sizes. The flash duration is 100 ms. Participant 4 could not spell any letter in session 5 and the highest accuracy was 20% after 3 training sessions. Participant 1 reached 50% after just one training session. 
Effects of Flash Duration
157
The effect of the flash duration was studied in this research. The flash duration was manipulated in this 158 study (either 100 ms or 175 ms) while the no flash duration was fixed at 175 ms. Table 2 
Effects of Using Colored Matrix
177
Providing a suitable and quiet environment helps the user using the P300 speller more effectively. One of 178 the factors that makes the user feel relaxed during using P300 speller system is the color of the matrix. The instead of a conventional P300 speller system which presents white/gray matrix to the user.
184 Figure 5 shows the P300 amplitudes for participants 1, 2, and 3 when using a conventional (white/gray) and 185 colored (green/blue) P300-BCI speller paradigm. As mentioned previously, the most effective channels 186 in the P300-BCI system are located on the occipital lobe of the brain which are O1 and O2 channels, 187 so we tested the effect of the colored (green/blue) matrix on the P300 signals obtained from these two Figure 5 suggest that the O2 channel, which is located on the right hemisphere, involved in color processing. For all the participants, the P300 amplitudes obtained from O2 channel are higher under the green/blue condition than under the white/gray condition. At the end of the experiments,
